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APT = amide proton transfer 酰氨质子转移 
CEST = chemical exchange saturation transfer 化学交换饱和转移 
CPMG = Carr–Purcell–Meiboom–Gill CPMG 序列 
CRAZED = COSY revamped by asymmetric Z-gradient 
echo detection 
不对称 Z 向梯度回
波 检 测 改 进 的
COSY 
CW = continuous wave 连续波 
DDF = distant dipolar field 
= dipolar demagnetizing field 
远程偶极场 
偶极退磁场 
DS = direct saturation 直接饱和 
fMRI = functional magnetic resonance imaging 功能磁共振成像 
FSE = fast spin-echo 快速自旋回避 
FID = free induction decay 自由感应衰减 
FOV = field of view 视野 
FT = Fourier transform 傅立叶变换 
iDQC = intermolecular double-quantum coherence 分子间二量子相干 
iMQC = intermolecular multiple-quantum coherence 分子间多量子相干 
MRI = magnetic resonance imaging 磁共振成像 
MRS = magnetic resonance spectroscopy 磁共振波谱 
MSE = multiple spin echoes 多自旋回波 
MT = magnetization transfer 磁化转移 
MTR = magnetization transfer ratio 磁化转移率 
NMR = nuclear magnetic resonance 核磁共振 
NOE = nuclear Overhauser enhancement 核 Overhauser 增强 
NOESY = nuclear Overhauser effect spectroscopy NOE 谱 
ppm = parts per million 百万分之 
PRESS = point-resolved spectroscopy 点分解谱 














PTR = proton transfer ratid 质子转移比率 
RF = radio frequency 射频 
ROI = region of interest 感兴趣区域 
SCF = Stirling curve-fitting 斯特林拟合 
SD = standard deviation 标准偏差 
SE = spin echo 自旋回波 
SNR = signal to noise ratio 信噪比 
T = Tesla 特斯拉 
TE = echo time 回波时间 
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论文题目：化学交换饱和转移及其在 MRI 中的应用 
作者简介：卢建华，男，1976 年 5 月出生，2008 年 9 月师从
于厦门大学蔡淑惠 教授，于 2014 年  月获博士学位。 
中  文  摘  要 
化学交换饱和转移(CEST)是当前核磁共振技术在人体应用研究的热点之










二、在正常鼠脑和肿瘤鼠脑中观测不同区域的 APT 值，探讨 APT 成像
技术在肿瘤诊断中的优势；比较大鼠猝死下 APT 值的变化，探讨其与 pH 值
的相关性。 
三、利用 CEST-MRI 和 CEST-MRS 方法结合脂肪压制技术探讨了真假
NOE 信号，从理论上推导出相应的信号表达式，通过实验的结果验证并指出
脂肪压制在富含脂肪的组织中能够消除假的 NOE 效应。系统研究和分析了鼠































Chemical exchange saturation transfer and it applications 






Chemical exchange saturation transfer (CEST) has recently emerged as an 
important contrast mechanism for MRI in the field of cellular and molecular 
imaging. In this thesis, the technique of intermolecular multiple-quantum 
coherence (iMQC) was combined with a module of multiple refocusing pulses 
(MRP) to further improve the contrast level. The true and pseudo NOE signals 
were observed utilizing CEST-MRI and CEST-MRS sequences with and without 
lipid suppression. The achievements are summarized as follows:  
1. Intermolecular double quantum coherence (iDQC) was utilized to enhance 
the contrast level provided by CEST MRI. Both theoretical and experimental 
results demonstrated that the iDQC signal was more sensitive to the variation of 
magnetization magnitude than conventional single-quantum coherence signal. 
Therefore, a better contrast can be obtained in iDQC CEST experiments. Besides, 
the replacement of single-refocusing pulse by the MRP in the detection period 
increased the iDQC signal intensity and hence improved the signal to noise ratio of 
the acquired image. 
2. The characteristics of amide proton transfer (APT) signals were 
systematically investigated in the brains of living rats, including the normal brains 
and brains with tumors. The APT value in the treatment and prognosis of glioma 
was evaluated. In situ experiments on rat brains showed that pure APT signals were 
pH-dependent. 
3. The true and pseudo NOE signals were investigated utilizing CEST-MRI and 
CEST-MRS sequences with and without lipid suppression. The results showed that 















experiments on normal and tumor rat brains showed that the intensity of pure NOE 
signal was larger in the region of white matter. Pure APT signals were 
pH-dependent, but NOE signals were not. 
 
Key words: Chemical exchange saturation transfer; Magnetic resonance 
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